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Xx86 Optimization via SSE

SSE = Streaming SIMD Extensions

SIMD

— Uses an 8 register, 128-bit wide stack

— Separate from MMX stack

— Unlike MMX, not shared with FPU stack

— Allows 4-wide simple single precision Flop’s

Streaming

— Prefetch hints
— Non-temporal - to L1 cache only
— Temporal - to all levels of cache

GCC support

— None, that | know of
— We implement prefetch instructions via macros
— We use NASM assembler for SIMD codes

Linux support

— Requires additional code for proper context switches

— For 2.2.x kernel, we use PIIl patch set from Andrea
Arcangeli

— Unsure of 2.4.x kernel support

— Although there used to be gdb support, it's no longer current



Pentium [l (Coppermine ) Timings

MILC SSE
mult_su3_mat_vec 131 102
mult_adj_su3_mat_vec 128 98
mult_su3_mat_vec_sum_4dir | 599 369
mult_adj_su3_mat_vec_4dir 500 304
mult_adj_su3_mat_hwvec 297 178
mult_su3_mat_hwvec 297 184
mult_su3_nn 421 (851) | 257
mult_su3_na 400 255
scalar_mult_add_su3_matrix | 142 64
su3_projector 222 107

Timings in machine cycles (700 MHz Pentium Ill, 100 MHz FSB)
These numbers include subroutine and loop overheads of 14 cycles

Sanity check:

— FPU Multiply: 5 cycles

— FPU Add: 3 cycles

— SSE Multiply (4-wide): 4 cycles

— SSE adds (4-wide): 3 cycles

— su3 matrix X su3 matrix: 108 multiplies, 90 adds
* 810 FPU cycles
* 175 SSE multiply/add cycles
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Prefetch Code Sample

/* Use fat link for single link transport */
FORSOMEPARITY( i, s, otherparity ){

PREFETCH(
PREFETCH (
PREFETCH (
PREFETCH(
PREFETCH(
PREFETCH (
PREFETCH (
PREFETCH(
PREFETCH (
PREFETCH(

&(s->fatlink [0]
&(s->fatlink[0]
&(s->fatlink[1]
&(s->fatlink[1]
&(s->fatlink[2]
&(s->fatlink[2]
&(s->fatlink[3]
&(s->fatlink [3]

.e[0] [0]
.e[3][3]
.e[0] [0]
.e[3][3]
.e[0][0]
.e[3][3]
.e[0][0]
.e[3][3]
&(((su3 vector x)F PT(s,src))->c[0].real) );
&(((su3 vector *)F PT(s,src))->c[3].imag) );

.real)
.imag)
.real)
.imag)
.real)
.imag)
.real)
.imag)

mult adj su3 mat vec 4dir( s->fatlink,

/* multiply by 3-link matrices too */

PREFETCH(
PREFETCH(
PREFETCH(
PREFETCH(
PREFETCH(
PREFETCH(
PREFETCH(
PREFETCH(
PREFETCH(
PREFETCH(

&(s->longlink[0]
&(s->longlink [0]
&(s->longlink[1]
&(s->longlink[1]
&(s->longlink[2]
&(s->longlink[2]
&(s->longlink[3]
&(s->longlink[3]

&(((su3 vector *)F PT(s,src))->c[0].real) );
&(((su3 vector *)F PT(s,src))->c[3].imag) );

.e[0] [0]
.e[3][3]
.e[0] [0]
.e[3][3]
.e[0] [0]
.e[3][3]
.e[0] [0]
.e[3][3]

.real)
.imag)
.real)
.imag)
.real)
.imag)
.real)
.imag)

mult adj su3 mat vec 4dir( s->longlink,

- e

. - e

b

bl

N N N N N N
-

bl

)

A B T S U N

) .

(su3 vector *)F PT(s,src), s->tempvec );

e we

. we

H
H
]

]

(su3 vector *)F PT(s,src), s->templongvec );
} END_LOOP



/****************** ks In-p InCl udes h ******************************/

/* -

* Include files for Kogut-Susskind dynanical inproved action application
*/

#defi ne SSE

#i f def SSE

#define nult_su3 mat_vec(args...) sse_mult_su3_mat_vec(## args)

#define nmult_su3 mat_vec_sumd4ddir(args...) sse_mult_su3_mat_vec_sum 4dir (## args)
#define nult_adj su3 mat_vec(args...) sse _nult_adj su3_mat_vec(## args)

#define mult_ad] _su3_mat_vec 4d|r(args ) sse_nult_adj su3_mat_vec_ 4dir (## args)
#define mult_su3_mat _hwec(args...) sse_ mul t su3_mat _hwec(## args)

#define mult_adj _su3_mat hMNec(args .) sse_nult_adj _su3_mat_hwec(## args)
#define mult_su3 nn(args...) sse_ mul t _su3_nn(## args)

#define mult_su3 _na(args...) sse mult_su3_na(## args)

#def i ne su3_pr0jector(args.. ) sse_su3_projector(## args)

#define scalar_nmult_add su3 matrix(args...) sse_scalar_nult_add_su3_matrix(## args)
#endi f

#def i ne USE_PREFETCH
#i f def USE_PREFETCH
# define PREFETCH | TO( addr ) \

asm_( ".byte 0xOf,0x18, 0x08" "a" (addr) )
# define PREFETCH | T1( addr )\
asm_( ".byte 0OxOf,0x18, 0x10" "a" (addr) )
# define PREFETCH | NTA( addr )\
asm_( ".Dbyte 0xOf,0x18, 0x00" "a" (addr) )
# define PREFETCH( addr ) \
__asm_( ".byte 0OxOf, 0x18, 0x00" "a"(addr) )

#el se

# define PREFETCH TO( addr )
# define PREFETCH T1( addr )
# defi ne PREFETCH NTA( addr )
# defi ne PREFETCH( addr )
#endi f
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